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Hie present inventiGo includes a method for preventiug and treating the toxic effects of a superantigen and for modifying pathogenic 
T cell responses in disease. Superantigen molecules are modified or mutated so that they no longer have the pathological effects of a 
superantigen. but are capable of eliciting an antibody lesponse which crossreacts with and protects against the native supenmtigen. The 
molecules are usefUl. for example, as a vaccine. Mutated or modified siveiantigens that continue to interact with specific TCR V^^xpressiug 
subsets of Tcdls are also iised to modify the taigetT cell population in a V^4pecific manner. 
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PROTECTIVE EFFECTS OF MUTATED SUPERANTIGENS 

RELATED APPLICATIONS 

This application is a continuation-in-part ofUSSN 08/242,694, filed 
S May 13, 1994, entitled: Method for Modifying T Cell Response, a 

continuation of USSN 07/827,540, filed January 28, 1992, entitled: Method 
for Modifring T Cdl Response^ now abandoned; and PCT application 
PCT/US93/00839, filed January 28, 1993, entitled: Protective Effects of 
Mutated Supcrantiegns- 

10 

FIELD OF THE INVENTION 

This invention relates to methods for preventing and treating antigen- 
mediated and antigen-initiated diseases. Specifically, it relates to providing 
protection against superantigens of pathogens by the administration of 
1 5 modified or mutated supcranttgcn molecules in order to elicit an antibody 
response against the superantigen without the pathological clTect of the 
superantigen. The molecules of tliis invention may also interact with the 
elements of T ceil receptors in a way that leads to modifications in the way 1' 
cells respond to an antigen. 

20 

BACKGROUND OF THE INVENTION 

The vertebrate immune system evolved to protect vertebrates from 
infection by microorganisms and large parasites. The immune system 
responds to antigens in one of two ways: (1) humoral antibody responses, 
25 mediated througli B lymphocytes, or D cells, involving the production of 

protein antibodies tliat circulate in the bloodstream and bind specifically to tlic 
foreign antigen that induced them, llie binding of the antibody to the antigen 
makes it easier for phagocytic cells to ingest the antigen and often activates a 
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system of bl odpr teins. coJIcctively called complement, that helps destroy or 
clear the antigen; and (2) cell-mediated immune responses, mediated through 
T lymphocytes, or T cells, involving the production of specialized cells that 
react mainly witli foreign antigens on die surface of host cells, either killing 
the host cell if the antig«i is an infecting vims or inducing otiier host cells, 
such as macrophages, to destroy die antigen (Molecular Biology of the Cell 
(1983), B. Alberts £Lal. (eds), chapter 17, pp. 952). 

The production of antibodies requires a number of conditions precedent 
in order to stimulate B cells into producing antibodies. One key event 
involved in the processes leading to antibody production is that of antigen 
recognition. Antigen recognition requires the participation of thymus (T) 
cells. 

T cells have antigen-specific receptors on their surfaces, termed T cell 
antigen receptors (TCR). Before T cells can recognize protein antigens, the 
antigens must be presented on the surface of antigen-presenting cells. 
Macrophages or other antigen presenUng cells must firsl process the antigens. 
Tliese cells essentially swallow antigens and chop them inio peptides which 
are displayed at the cell surface in combination with major histocompatibility 
complex (MHC) molecules (ShimonkcvitzfiLaL (1983) J. Exp. Med. 158:303: 
Babbit, sUL (1985) Nature 112:359). 

The major histocompatibility antigens are a family of molecules 
encoded by a related group of genes encoded within llie major 
histocompatibility complex. MHC antigens are expressed on the cells of all 
higlier vertebrates. In man they are called I-ILA antigens (human-leucocyte- 
associated antigens) because they were first demonstrated on leukocytes. 
There are two principal classes of MHC molecules, class 1 and class II, each 
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comprising a set f cell-surface glycoproteins. Tlie two classes of MHC 
antigens stimulate difTerent subpopulations of T cells. MHC class II 
molecules are involved in most responses to extracellular pathogens. In 
contrast, MflC class I molecules are involved when the pathogen is cell- 
associated, i.e., when a vims or a malignant cell is involved. When MHC 
class I is involved, antibody stimulation does not result; rather, the interaction 
of MHC class I processed antigen and T-ceil leads to lysis of cells infected 
with the pathogen. 

Processed antigen peptide lite in a cleft on an MHC molecule 
(Bjorkman £LaL ( 1 987) Nature 222:506). Once an antigen is displayed, tlie 
few T cells in the body that bear receptors for that particular peptide bind that 
complex. Most T cells recognize antigens on the surface of cells only in 
association with self-MHC glycoproteins expressed on the cell surface. 

The ability of the T cell to bind to the processed antigen and MHC 
complex is dependent on the T cell receptor (TCR). Tlie TCR consists of two 
protein chains, usually a and p chains. Each chain is composed of a constant 
and a variable domain. Tlie variable domains are encoded in two (a) or three 
(P) different gene segmcnte (variable (V), diversity (D), joining (J)) (Siu etal. 
(1984) Cell 12:393; Yanagi (1985) Proc. Natl. Acad. Sci. USA 82:3430). 
In each T cell, the combination of V, D, and J domains of both the a and p 
chains participates in antigen recognition in a manner which is uniquely 
characteristic of that T cell and defines a unique binding site. (See . Marrack £t 
al. (1988) Immunol. Today 2:308; Toyonaga eLal- (1987) Ann. Rev. Immunol. 
5:585: Kroncnberg (1985) Ann. Rev. Immunol. 4:529; Hedrick £UL (1982) 
Cell iil:14I.) Generally, both the a ajid p chains are involved in recognition 
of the ligand formed by processed antigen and MHC. 
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When T cells are stimul ted by an antigen, they divide and difTerenliate 
into activated effector cells that are responsible for various cell-mediated 
immune reactions. At least three different reactions are carried out by T cells: 

(1) cytolytic T cells specifically kill foreign or virus-infected vertebrate cells; 

(2) helper T cells help B lymphocytes; and (3) suppressor T cells suppress tlie 
responses of specific cells. 

It has been shown that a novel class of antigens, termed 
"superantigens**, are able to directly stimulate T cells by binding to a particular 
subset of the element. That is, the variable domain of the p chain of the 
ICR (Kappier £LaL (1987) Cell 42:263; Kappler eUL (1987) Cell 42:273; 
MacDonald £LaL (1988) Nature 222'AO; Pullen cLaL (1988) Nature 221:796; 
Kappier sLaL (1988) Nature 332:35: Abe sUL (1988) J. Immunol. i4Q:4132; 
White sLaL (1989) Cell 5fi:27; Janeway fiUL (1989) Immunol. Rev. Ifl2:61; 
Bekoff £LaL (1988) J. Immunol. 122:3189; Kappier sLaL (1989) Science 
244:81 1). Unlike recognition of conventional peptide antigens, tlie other 
components of the T cell receptor (i.e.. Dp, J^, V„ J.) appear to play little role 
in tlie superantigen binding. Superantigens, while generally stimulatory to T 
cells, appear to interact specifically with particular elements present on tlie 
stimulated T cell. Since die relative number of genes is limited, many T 
cells within an individual will bear a particular Vp element, and a given 
superantigen is therefore capable of interacting with a large fraction of the 
total T cell repertoire. Thus, depending on the frequency of tlie responding 
population(s), 5-30% of the entire T cell repertoire could be stimulated by a 
superantigen, whereas tlie responding frequency to a conventional antigen is 
usually much less than 1 in 1,000, or .001%. Allhougli superantigens interact 
with class II MHC molecules, they appear to act as intact proteins rather than 
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as pq>tides. That is, they do not require processing for stimulation and tliey 
bind outside the conventional peptide binding groove (Jardetzky et al. ( 1 994) 
Nature 2gB:7l 1 : Seth £LaL ( 1 994) Nature 21^:324). Instead, they appear to 
interact with amino acid residues that are on the outer walls of the binding 
5 cleft. Known superantigens and references to their sequences and structures 
are listed in Table I. 

Two distinct classes of supeiantigen have been described. The first 
was noted over 20 years ago, when Festenstein showed marked responses in 
mixed lymphocyte reactions between certain MHC identical strains. Tlie 

10 stimulating antigens were called minor lymphocyte stimulating (Mis) antigens 
(Festenstein (1973) Transplant Rev. 11:62) to differentiate them from MHC 
antigens. At that time, their superantigen character was not known. It is now 
known that these superantigens are encoded by endogenous retroviral genes 
(Palmer (1991) Curr. Bio. 1:74). The presence of these genes in the mouse 

1 5 leads to a marked deletion of responding T cells, creating potentially large 
holes in the animal's T cell receptor repertoire (Pullen et al. (1988) supia). 
The second class of superantigen is represented by a growuig list of bacterial 
and viral proteins, capable of producing a variety of pathological effecLs at\er 
injection (Marrack & Kappler ( 1990) Science 24S:705). 

20 Staphylococcus aureus (S. aureus) , a common human pathogen, 

produces several enterotoxins, designated as SEA (staphylococcal enterotoxin 
A) tlirougli SEE (staphylococcal enterotoxin E), which can be responsible for 
food poisoning and occasionally shock in humans (Marrack & Kappler ( 1990) 
smaa; Bohach ctal . (1990) Crit. Rev. Microbio. 112:251). Some S. aureus 

25 isolates also produce toxic shock syndrome toxin- 1 (TSST- 1 ), which has been 
implicated in the majority of cases of human toxic shock syndrome as well as 
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the related exfoliative toxins (ExT), which are associated with tlic scalded skin 
syndrome. StrcptOCOCCBS pyrogfflCS, or group A streptococcus, another 
common human pathogen of tlie skin and pharynx, also produces toxins with 
superantigenic properties (AbefiLal- (1991) J. Immun. 146:3747). These have 
been designated streptococcal erythrogenic toxuis A-C (SPEA-C). 

The amino acid sequence of the S. aureus toxins exhibit some 
homology, but also exhibit marked differences (See, Betley etal. (1988) J. 
Bacteriol. 1ZQ:34; Jones fiUL (1986) J. Bacteriol, lfifi;29; Couch fiLaL (1988) 
J. Bacteriol. iZfl:2954; BIomster-Hautamaa fiLaL (1986) J. Biol. Chem. 
2fii: 1 5783). S. aureus toxins have the ability to stimulate powerful T cell 
proliferation responses in the presence of mouse cells bearing MHC class II 
type molecules (White sUL (1989) sms)- The S-_aur£lia proteins selectively 
stimulate murine cells bearing particular Vp elements. 

The binding of toxins to class H Ml-IC molecules is usually required for 
T cell recognition. However, the process is much more permissive for 
superantigens than that seen with conventional antigens. While peptide 
antigens are very dependent on allelic MHC residues for binding, the 
superantigens bind to a wide variety of allelic and isotypic forms of MHC 
class 11 molecules (Sfifi, Herrmann cLaL (1989) Eur. J. Immunol. 12:2171; 
Herman fiUL (1990) J. Exp. Med. 122:709; Scholl fiLaL (1990) J. Immunol. 
144:226; Molleck sLaL (1991) J. Immunol. 14fi:463). Whereas T cells rarely 
recognize peptide antigens bound to self-MHC (allo-MI IC) molecules, 
individual T cell clones can respond to toxins bound not only to various allelic 
forms of MHC but also to dilTcrcnl class II isolypcs and even xenogeneic class 
II molecules. Such observations reinforce tlie concept that superantigens bind 
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at a relatively conserved site outside the alielicaily variable groove where 
conventional peptide antigens bind. 

Superantigens may contribute to autoimmune diseases in which 
components of the immune system attack normal tissue. The process or 
5 deletion of T cells responsive to self, potentially harmful self-reactive T cells, 
is called tolerance or negative selection (Kappler etal . (1987) supra : Kappler 
£Lal. (1988) supm; Von Boehmer £L&1. (1988) Immunol. Rev. 101:21), The 
immune system usually deletes self-reactive T cells, widi good, but not 
complete efficiency, but some self-reactive cells appear to escape tlie 

10 surveillance mechanism. It has been suggested tiiat the ability of 

superantigens to arouse 20 percent of a person's T cell repertoire could lead to 
undesirable replication of the few circulating T cells that are capable of 
recognizing self (Kotzin fiLal- (1993) Adv. Immunol. 54:99). T cells bearing 
certain types have been implicated in various autoimmune conditions, such 

15 as arthritis and multiple sclerosis. These destructive cells might have been 
initially activated by a superantigen that binds to the identified types 
(Kotzin etal . (1993) supra) , leading to disease. 

Autoimmune diseases are a result of a failure of the immune system to 
avoid recognition of self. The attack by the immune system of host cells can 

20 result in a large number of disorders, including neural diseases such as 
multiple sclerosis and myasthenia gravis, diseases of the joints such as 
rheumatoid artliritis, attacks on nucleic acids as observed willi systemic lupus 
erythematosus, and diseases associated with various organs such as psoriasis, 
juvenile onset diabetes, Sjogren's disease and thyroid disease. 

25 Several lines of evidence suggest that T cells specific for self-antigens 

may play a critical role in the initiation of autoimmune diseases. In the case of 
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rheumatoid arthritis, the linkage of the disease to the DR4 and DRl alleles of 
the class II genes of MHC, and the finding of oligoclonal activated CD4^ T 
cells in synovial fluid and tissue of affected joints (Stastny etal . (1976) Engl. 
J. Med. 22&:869; GiboMy £tjd. (1978) J. Exp. Med. Hfi: 1728; McMicliael £i 
5 al. (1977) Arth. Rheum. 2Q:1037; SchifTsLd. (1982) Ann. Rheum. Dis. 

11:403; Duquestoy fUl. (1984) Hum. Immunol. 1Q:I65; Legrand £Ul. (1984) 
Am. J. Hum. Genet. 3fi:690; Gregerse fiUl. (1987) Arth. Rheum. 32:15; 
Burmester £Ul. (1981) Arth. Rheum. 24:1370; FoxfiUl. (1982) J. Immunol. 
122:351; HemlereLal. (1986) J. Clin, Invest. 2fi:696; Stamenkoic et al. (1988) 

10 Proc. Natl. Acad. Sci. USA fii: 1 179; Paliard fiLal- (1991) Science 252:325) 
suggest the involvement of CD4^ a pTCR-bearing, class Il-restricted T cells 
in Ihe disease. This view is supported by the finding that partial elimination or 
inhibition of T cells by a variety of techniques can lead to an amelioration of 
disease in certain patients (Paulus£Ud. (1977) Arth. Rheum. 2Q:1249; Karsh 

15 fiUl. (1979) Arth. Rheum. 22:1055; KotzinsLal. (1989) N. Eng. J. Med. 

225:976; HerzogeLol. (1987) Lancet ii:I46I; Yocum sUi. (1989) Ann. Int. 
Med. m863). 

U. S. Patent No. 5,298,369, herein specifically incorporated by 
reference, establishes that specific Vp elements may be used to diagnose an 
20 autoimmune disease. Specifically, tlie presence of a higlier percentage of 

VpI4^ T cells in synovial fluid may be used to diagnose rheumatoid arthritis. 

Many investigative efforts have focused on developing methods for the 
treatment of autoimmune diseases. For example, European Patent Publication 
340 109. entitled Anti-T-ccli receptor dcterminanLs as autoimmune disease 
25 treatineiiL and U.S. Patent No. 4,550.086, issued October 29, 1985 to 

Reinherz et al., entitled Monoclonal antibodies that recognize human T cells. 
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describe a method of detecting a particular sequence of the variable region 
gene of T cell receptors associated with a particular disease and a treatment 
with antibodies to that sequence. U.S. Patent No. 4,886,743, issued December 
12, 1989 to Hood et al., entitled: Diagnostic reagents based on unique 
sequences w ithin the variable region of the T cell receptor and uses thereof, 
describes a method of diagnosing diseases based on the presence of T cells 
with a unique sequence in the Vp region associated with a specific disease. 
FCT Patent Application Publication WO 90/06758 describes a method for 
detecting specific regions associated with RA, specifically, Vp3, Vp9, and 
V||10, and for the u-eatment of rheumatoid arthritis with monoclonal antibodies 
which recognize Vp3, Vp9, and VplO. 

An animal that has never been exposed to a pathogen has no specific 
defenses against it However, tlie animal can be immunized against the 
pathogen by injecting it witli a non-viruIcnt form of the pathogen similar in 
chemical structure to tlie pathogen but without the ability to cause the 
pathological effect. The animal will produce antibodies specific against the 
non-virulent form of tlie pathogen. These antibodies arc able to protect tlie 
animal against attack from the virulent pathogen. 
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BRIEF SUMMARY OF THE INVENTION 

One embodiment of the present invention includes the administration 
of a molecule in Che form of a vaccine for preventing the toxic effects of a 
superantigen. wherein said molecule elicits antibody production to the 
superantigen without superantigen-mediated T cell stimulaUon. Tlie molecule 
induces T cell stimulation but not in a supcranUgenic fashion. 

The present invention also includes molecules consisting of mutated or 
modified derivatives of superantigens, wherein said superantigens are TSST-l 
superantigens. 

In an alternative embodiment of the present invention, the 
administration of a molecule that interacts with the Vp element of T cell 
receptors (TCR) acts to modify the T cell response elicited by an antigen. 

The present invention also includes the treatment of a subject animal 
with a mutated or modified superantigen in order to ailccl said subjecl's T cell 
responsiveness. 

The molecules of this invention can also function by leading to deletion 
or inactivalion/desensiUzation of at least one or more subpopulations of T 
cells presenting a particular element. 

In order to prevent the in vivo toxic effect of a superantigen, it is 
required tiiat the pathological condition mediated or initiated by a 
superantigen be able to be prevented or treated by administration of the mutant 
superantigen molecules of the present invention. Administration of the mutant 
toxins of tlie present invention may cause antibody production against Uie 
niulani molecule. Sonic oflhcsc nnlibodics also react with the nomial non- 
mutated toxin. Therefore, when the immunized individual is confronted with 
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the path genie toxin, these cross-reactive antibodies react with the native 
toxin and inhibit its toxic activity. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 shows the nucleotide sequence of mature TSST-l without 
the signal peptide cloned into pUCI8 for the expression in EjSflli. (SEQ ID 
N0:1) The figure also indicates oligonucleotide primers (A top primer (SEQ 
ID N0:2) and B bottom primer (SEQ ID NO:3)) used for tlie mutagenesis: 
dashed lines indicate A top primer and B bottom primer, respectively; solid 
lines indicate the sequences of mutagenic primers (SEQ ID NOS:4.16) used to 
generate die TSST-1 mutants by PGR. 

FIGURE 2 shows the diagram for generaUon of TSST-I mutants by the 
"megaprimer" PGR method. 



FIGURE 3 shows the outline for isolation of TSST-1 mutants that 
produces a correctly folded TSST-I (ELISA positive), yet lacks Uie ability to 
stimulate a mouse V^lS-expressing T cell (T cell stimulation negative). 

FIGURE 4 shows stimulation of T cells in human PBL by HPLC- 
purified wild-type and mutant rTSST-l proteins. 

FIGURE 5A shows the binding of TSST-l and TSST-1 mutants to DR- 
bearing RAJI cells as delected by anti-TSST-1 monoclonal antibody. The 
single mutant rTSST-1 isolate that failed to demonstrate binding to HLA-DR 
on RAJI cells is the mutant G3 1S/S32P. 
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FIGURE 5B shows the direct binding of TSST-1 and the G31S/S32P 
TSST-1 mutant to DR-bcaring RAJI ceUs. The G31S/S32P mutant protein 
binds HLA-DR at 4-5 log higlicr protein concentrations Uian can be 
demonstrated using the wild type toxin. 

FIGURE 6 is a schematic ribbon drawing of the three dimensional 
structure of TSST- 1 Residues identified by mulaUonal analysis as important 
to MHC class II or TCR binding are indicated. 
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DETAILED DESCRIPTION OF THE INVENTION 

The molecules of tlie present invenUon may be effective in difleienl 
ways in preventing or treating antigen-mediated or initiated diseases. Some of 
the different ways in which the molecules of the present invention may be 
effective include modification oflhe T cell response and production of 
antibodies that provide protection against pathogens. Specifically, this 
invention presents a method of preventing or treating supcnmtigen-mediated 
or superantigen initiated diseases. The method of this invention generally 
involves preparing mutated or modified superantigen molecules by meihwis 
knoxvn in the art and described herein, identifying antigen mutants unable to 
bh,d eiUKTMHC or TCR, and tcsUng for the ability to protect against 
exposure to the non-mutated superantigen. 

Tlie present invention describes the feasibility oflhe above-outlined 
approach in achieving protection against a knoxvn superantigen. Mutants of 
recombinant S. aureus toxic shock syndrome toxin-1 O SST-I) were prepared 
and purified as described in Examples 1-6 below. TSST-I mutants unable to 
bind MI IC molecules or TCR were selected by examining tlie binding of 
mutant TSST-1 molecules to HLA-DR positive lymphoblastoid line RAJl 
cells, stimulation ofT cell hybridomas bearing diffeieni V, elements, and 
stimulation of human peripheral blood T cells in vitro. AlUiough the present 
disclosure describes producUon of mutated TSST-I molecules able to protect 
subject animals against subsequent challenge with TSS l -l. the methods ofUic 
present invention are equally applicable to other superantigens. 

Tlic ability 10 use the cnxurrcncc of.spccinc V, elements to diagiuwc 
autoimmune diseases, as discussed, may be combined wilh the present 
invention as a method of detecting, preventing and ircaUng autoimmune 
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diseases mediated by superanligens. The existence of a superantigen- 
mediated disease may be determined by a "footprint" analysis, e.g.. by 
determining if there is an alteration in Vp elements in a disease stale. The 
fmding of alterations in Vp elements, such as the increase in Wpl4* T cells in 
synovial fluid in rheumatoid arthritis, suggests the presence of a superantigen- 
mediated disease. Techniques known to the art may then be applied in order 
to isolate and identify the implicated supcranligen. The footprint may be 
compared againsl tliat of a known supcranligen for possible implicaiion of thai 
superaiitigen in initiation or proliferation of the disease. There may be a 
search for genes coding for a supcranligen when a virus or bacterial inlbction 
is associated with the initialion of the disease. Once a supcranligen is 
identified or isolated, the metliod of tlie present invention may be applied to 
produce a mutant superantigen molecule capable of conferring protection 
against exposure to the superantigen. 

Various terms are used in tliis specification, for which it may be helpful 
to have definitions. These arc provided herein, and should be borne in mind 
when tliese tcmis are used in the following examples. 

As described above, the key cvcnl in an immune response is the 
inleraclion of MIIC niolecules with antigens to form a complex presented to T 
cells. Generally, the T cell response is quite specific, with only very limited 
subpopulations of T cells responding lo specific complexes of antigen and 
MI IC molecules. The response generally requires interaction of mosl or all of 
tlie coniponenls of tlie T cell receptor. In certain circumstances, however, tlie 
presented antigen need onI>' interaci with the Vp element of the receptor, all 
other components being essentially inconsequential, lliai is. the proteins 
binding to all TCRs that utilize a particular V^ gene segment, regardless of the 
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Other parts of the antigen receptor, are called superanligens. Superantigens are 
usually presented to T cells by class II MHC molecules, and T cell responses 
to superantigcn-MHC complexes arc apparently similar to responses to 
peptidc-Ml IC complexes. This means that the supcrantigcn can, and docs, 
react with a much greater array of T cells than is normally the case. 

The molecules of this invention may interact with the V, elements of 
TCRs in a way which leads to modifications in the way T cells respond to a 
superantigen. "Modifying T cell responsiveness" means that die molecules 
are able to change the manner in which the subject's T cells respond when 
provoked by the administered molecule, or to an aniigcn administered prior lo. 
concurrently, or subsequently. For example, it is believed that early in Uie 
development of T cells, cenain subpopulations interact with presented self 
antigens and are deleted. Tlie molecules of this invention can function in this 
manner, i.e.. by leading lo deletion or inactivalion/dcscnsiiization of at least 
one or more subpopulations off cells presenting a particular Vp element. 

In a particular embodimeni of the present invention, liic molecules 
modify a subject animal's T cell response witliout changing llic B cell 
response that would normally occur In the subject under consideration. The 
superantigen is provided in a form Uiat does not function as a superantigen. 
That is, it does not stimulate T cells in a superantigen ic way and elicits a 
specific T cell dependent antibody response. Tliis type of material is useful, 
for example, for providing passive immunity to a sul^jcct or serving as a 
vaccine. 

TIic molecules of the present invention may be regarded as competitors 
for otiicr antigens at the TCR binding level. If die molecules described herein 
interact with MIIC elements otherwise required for generation of a full scale 
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response to an antigoi or superantigen» Ihey may prevent or reduce the extent 
of that response. 

Moreover, the molecules of the present invention may be viewed as 
"enhancers,** for example, in cases in which an Individual's T cell 
responsiveness is impaired or weakened by any of a number of causes. Via 
administration of the molecules encompassed by the present invention, the T 
cell populations of the individual can be greatly expanded. 

The term "modifying T cell responsiveness" as used herein is always 
relative to a second element (e.g., an antigen), and always refers in particular 
to responsiveness of T cells presenting a particular Vp element as part of their 
T cell receptors, other components of the receptors being essentially 
irrelevant. Tlie T cell response may be modified by maintaining the TCR 
binding site and modifying some other functional part, for example, die MHC 
binding site. Thus, effecting T cell specificity without stimulation, througli 
tlie deletion of a T cell subset, anergy or blocking competitively at the T cell 
binding le\'cl. Aliemalively. the TCR binding site may be modified fbul not 
eliminated) in order to modify the T cell response. That is. maintaining the 
ability to interact with T cells while retaining T cell Vp .selectivity, e.g.. 
interacting with a different subpopulation. 

"Reducing responsiveness" is consUued to also include deleting the 
portion of T cells expressing a particular Vp element. 

"Superantigen derivative" as used herein refers to a molecule whose 
sUiicture. at the least, contains an amino acid sequence substantially identical 
to an amino acid sequence presented by a superantigen or portions of a 
superantigen required for binding to either the MHC or the T cell. 
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"Modified" superantigcn derivative (or fragment), differs from 
"mutated" superantigen derivative (or fragment). The term "modified 
superantigcn" is defiiKd to refer to molcculas which contain an amino acid 
sequence identical to a superantigen or portions of a superantigen, but contain 
modifications not found in the superantigen molecule itself. For example, if a 
superanti^n contains amino acids 1-250, a "modified" superantigen 
derivative may contain a sequence identical to amino acids 50-75, positioned 
in between stretches of amino acids not found in the native superantigen 
molecule. Additional modifications may include, for example, dilTering or 
absent glycosylation patterns, or addition of other non-superantigen structures 
tliat modily function or distribution. 

"Mutated" superantigen refer to structures where the actual amino acid 
sequence of the mutation has been altered relative to Uie native form of the 
molecule. For example, if a superantigcn contains amino acids 1-250, a 
mutated superantigen may include amino acids 50-68 and 72-75 which are 
identical to the corresponding native sequence, but differ in ammo acids 69- 
7 1 . The difference may be one of "substitution" where different amino acids 
are used, "addition" where more amino acids arc included so that the sequence 
is longer than the native form, or "deletion" where the amino acids are 
missing. 

"Vaccine" refers to a formulation that when administered to a subject 
provokes the same type of response typical of vaccines in general, eg., active 
immunological prophylaxis, llie vaccine may contain adjuvant, or otiier 
biocompatible materials. 

It is known that the class of molecules known as superantigens interact 
with particular Vp regions of TCRs, leading to massive proliferation of 
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particular T cell subpopulalions. Tliis interaction is mostly independent of any 
other region of the TCR. This interaction also usually involves prior 
interaction between an MMC molecule and the supeianligen. 

In connection with the interaction of MHC and peptide, it must be 
noted that class II MHC molecules are available in a variety of isotypes and 
allotypes, and particular molecules are specifically involved in the 
presentation of various peptides. In contrast, a superantigen usually can be 
presented by many dilTerent MMC molecules. Specifically, most HLA-DR 
molecules, regardless of allotypic differences are capable of presentation of 
TSST- 1 . Determination of HLA haplotype and correlation to presentation of a 
particular antigen is well wiUiin the skill of the artisan in this field. 

Tliis invention involves tlie modification of the T cell response via the 
administration to a subject of a molecule which interacts with an MHC 
molecule or at least one Vp clement on Uic T cell receptor, or both. Said 
interaction may be accomplished through deletion/elimination of a T cell 
subpopulation, anergy, functional response modification (e.g., changing Uie 
cytokine profile) or blocking at the TCR level. 

The modification of the T cell response may involve deletion of T cell 
subpopulations. Knowledge of the mechanisms described herein permits the 
artisan to administer to a subject a material which interacts wiUi tlie MHC or a 
particular subpopulation of T cells, dependent on the TCR V,s expressed, 
where activation and subsequent deletion of Uie target T cell subpopulation 
results. Tliis approach is particularly desirable in the treatment of conditions 
where a particular Vp subpopulation or subpopulations are associated with a 
pathological condition, such as an autoimmune disease. 



W 96/14744 



PCT/DS9S/14639 



19 

Another manner of modifying Ihe T cell response is via "desensitizing", 
"inactivating", or "anergizing" the T cells. This mechanism involves 
interaction of the superantigen with target T cells via the TCR. with 
subsequent down regulation or inactivation of the T cells. Alterations in how 
the superantigen is presented to T cells may greatly increase this consequence 
of superantigen injection (Kotzin sLal. (1993) aipa) Furthermore, prior 
proliferation of the target T cells may not be discemable despite clear 
evidence of TCR binding of tlie superantigen by target T cells. 

One aspect of the invention involves the use of mutated or modified 
superantigen molecules which have been altered so as not to induce a 
superantigen response but which still elicit a T cell dependent B cell response 
which is not different from that elicited by the native superantigen. Such 
materials are especially useful as vaccines, as discussed below. 

The molecules of the invention are preferably, but not exclusively, 
superantigen derivatives. These derivatives may be modified or mutated, as 
discussed above. These, or any other molecules used herein, are administered 
in an amount sufficient to modify the T cell response in the manner described. 
The amount of material used will vary, depending on the actual material, the 
response desired, and the subject matter of the treatment. 

The molecules may serve as vaccines. These vaccines confer 
protective immunity on the subject in tliat they generate a B cell response 
without tlie full superantigen-mediatcd T cell response nonnally associated 
with tile native or wild-type form of the molecule. This effect has been 
previously shown using SEB (Tseng, (1993) Inf. & Immun. 41:391). 
Again, depending upon the parameters within the conUx)! of the knowledge of 
the artisan, including the condition being treated, the Vp molecule to be 
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regulated, and so forth, the material chosen for the vaccine is up to the artisan. 
The vaccine may contam other materials which are normally found in vaccine 
compositions, including adjuvants, carriers, etc. 

Witli regard to protection, supcrantigens generally function to activate a 
certain subpopulation of T cells. In certain circumstances, the expansion of a 
T cell population is followed by a subsequent deletion of that same 
subpopulation, or steady-state reduction of T cells of that subpopulation of T 
cells. In other cases die administration of a superantigen leads to a T cell 
subpopulation deletion without an intervening activation/expansion step. In 
these cases, die same subpopulation of T cells characterized by Vp element 
that would normally be expanded by Uie superantigen is Ihe subpopulation tlial 
is deleted. Based on element, tliere is a footprint that associates certain T 
cell populations to a given superantigen. According to this invention, it is 
possible thai the mutated supcrantigens will be able lo cllccl J cell 
responsiveness for T cell populations oUier than Uie populations that are a part 
of the native superantigen*s footprint. Therefore, a librar>- of mutated 
supcrantigens can be created in which it is possible lo select which T cell 
populations are to be affected (with subsequent expansion, deletion or 
functional inactivation). It is unnecessary to know the actual superantigen 
associated with a given superantigen mediated disease in order to treat tliat 
disease. It is only necessary to know which subpopulation of T cells arc 
involved in disease pathogenesis and therefore should be Uirgclcd. 

The mode of administration of tlie materials described herein may 
include intravenous, intraperitoneal, and intramuscular injections, selective 
administration or targeting to regional arc« as well as all of tlie other standard 
methods for administering therapeutic agents to a subject. 
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The invention als disdoses how to make particular mutants or 
modifications usefiil in the foregoing methodologies, including isolated 
nucleic acid sequences coding for mutants, cell lines transformed by these and 
the vectors and plasmids used therefor, as well as the isolated mutant 
molecules, including mutant supenmtigens. 

Other applications of the invention described herein will be apparent to 
the skilled artisan and need not be repeated here. 

The terms and expressions which have been employed are used as 
terms of description and not of limitation. There is no intention in tlie use of 
such terms and expressions of excluding any equivalents of the features shown 
and described or portions thereof, it being recognized that various 
modifications are possible within the scope of the invention. 

Polymerase Chain Reaction (PGR) and standard molecular biological 
incdiodologics, described in Example I , were used in the construction and 
expression of recombinant TSST-1. TSST-1 mutants were generated as 
described in Example 2. The method involves the introduction of random 
mutations along the entire length of the TSST-1 gene. Initial identificalion of 
potenlial mutant TSST-ls involved testing tlie lysate from transformants for 
the presence of functional toxin by stimulation of murine T cell hybridomas 
bearing 1 5 elements after presentaUon by a human HLA-DR-expressing 
cell line. Lysatcs negative for T cell hybridoma stimulations were tested for 
the presence of TSST-l protein levels with the use of monoclonal antibodies 
(niAbs) against TSST-1 (Examples). Transformants producing non- 
functional TSST-1 were sequenced and the mutation idcntincd. 
Transformants producing mutant TSST-ls were grown and mutant TSST-ls 
purified as described in Example 4. Analysis of the location and effect of the 
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mutation was performed. Mutants were tested for their ability to stimulate 
proliferation of human peripheral blood T cells as described in Figure 4. 
Binding to MHC class 11 molecules may be required for toxin recognition by 
T cells, the ability of mutant TSST- J to bind human MHC antigen HLA-DR 
was also tested as described in Example 5. Thus, each mutation was classified 
as altering HLA-DR binding on human cells or interaction with human TCR. 

As it is involved in superantigen-mediated T cell stimulation, the 
molecule of the instant invention holds dual functions: the administration as a 
vaccine and the modification of the T cell response of the subject As a 
vaccine, the molecule is provided in a form that does not function as a 
superantigen. It does not stimulate T cells in a superantigenic way, but elicits 
a specific T cell dependent antibody response. Critical mutations for this type 
of activity include the T cell receptor site or the MMC binding site. However, 
there are data to suggest that the MI IC binding site may not be essential for 
superantigen activity (Hamad £l_al. ( 1 994) J. Exp. Med. 18Q:6 1 5). Said 
mutations cannot aflect the 3-dimensional structure. The molecule must 
appear as much like a superantigen as possible so as not to alter its appearance 
to the antibodies. Tlie second function is to effect a modification of llie T cell 
response. This may be accomplished by maintaining the TCR binding site and 
modifying some other functional part or modifying the TCR binding site so 
that it interacts with a different subpopulation. 

Two regions were identified in the TSST-I molecule that alTect MHC 
and/or TCR binding. Those mutations are unambiguously clustered within 
two sites; the 1 CR binding site at the C-tenninal domain (residues 1-15 and 
79-194) and the class II MHC binding site at the N-terminal domain (residues 
1 8-89). The TCR binding site was found to consist of the central long a helix 
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(see mutations at residues 128-140) and also the N-lerminal short a-helix 
along with its subsequent loop (mutations at Y13L/SJ5W and GI6V). In 
addition, there is some contribution of residues in the loop between the p7 and 
p8 sheets (mutations at residues 1 13.1 16). Interestingly, the TCR binding site 
identified in this analysis precisely overlaps with the region comprising die 
major groove in the TSST-1 molecule (Prasad fiUl. (1993) Biochemistry 
22:13761, hereby incorporated by reference; Acharya ^ (1994) Nature 
362:94, hereby incorporated by reference). Amino acid residues at positions 
13, 15, 16, 135, 137 and 1 39 appear to be particulariy important for TCR 
binding, because mutations in these positions almost completely abolish the 
stimulatory activity of TSST-I but do not decrease binding to HLA-DR 
(Figure 4). 

Tlie MHC binding site localizes to the region in the vicinity of tlie N- 
terminal portion of tlic second p-slrand, because the mutations G3 IS/S32P 
greatly impair the binding to HLA-DR (Figures 5A and 5B). These residues 
are located in part of a large, solvent^xposed hydrophobic area formed by the 
concave face of p-barrel strands 1, 2 and 3 in Uie N-temiinal domain (see 
Figure 6). It is noteworthy to point out that the p-barrel motif in the N- 
terminal domain of TSST-1 is similar to that in the corresponding domain of 
SEE. In SEE, non-polar residues F44, L45 and F47 foim a ridge which 
protrudes from the loop between p-slrands I and 2 in the N-lcrminal domain, 
and tliis ridge interacts with the hydrophobic depression in the HLA-DR 
molecule. SEE mutants F44 and L45 disrupt binding to HLA-DR. Similarly, 
analysis suggests this hydrophobic region of TSST-1 constitutes the class II 
MHC binding site. Mutations of S23 on p-strand I) and 145 (on p-strand 3) 
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might distort the hydrophobic concave surface, because those residues are 
buried within the protein interior. 

The following examples serve to explain and illustrate the present 
invention. Said examples are not to be construed as limiting of the invention 
in any way. Various modifications are possible within the scope of the 
invention. 



Example!. ConstrMCtio n nnd Expression of Recomhinn^^ t J^ ^j^ i 

rolvmerase Chain Reaction rPC;R) PCRs(SaikisLal. (1988) Science 
222:487) were performed using AmpHTaq recombinant Taq polymerase and 
the DNA Thermal Cycler from Perkin Elmer Cetus (Norwalk, CT). 15-17 
cycles were performed with 1-min denaturing (94«»C) and 2.min amiealing 
(54 »C) steps, and a 3-min extension (72'»C) step. Template concentrations 
were 0.5-5 nM and oligonucleotides primer concenU^tions were 1 ^iM. The 
concentration of the dNTPs was 200 \iM. 

TSST-I Construct. ThegeneforsuperantigenTSST-l was 
overexpressed in as follows. A plasmid containing the mature TSST-I 
wiyiout the signal peptide (Blomster4]autamaa et ai. (1986) supra ) was kindly 
obtained from Dr. Brian L. Kotzin at The National Jewish Center for 
Immunology and Respiratory Medicine, Denver, Colorado. 

Tlie DNA sequence of the cloned mature TSST-1 gene is shown in 
Figure 1 (SEQ ID NO: I ). The gene contains a Kpnl site at the 5' portion and a 
Xbal site at the 3' portion. This gene also contains an ATG codon (encodes 
methionine) as the translation initiation codon in E. coli . 

The plasmid was digested with Kpnl and Xbal and ligated into 
KpnI/Xbal-dlgested pUCI8. E._eQii DH5tt was transformed with the ligated 
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DNA, a single transformant picked, and the insert pUC18:TSST.l was 
sequenced to check that it had no mutations. 

Upon induction the pUC18:TSST.l construct led to over production of 
mostly cytoplasmic TSST-l (« 10 ng/mi of broth). 

Example 2. Generatinn nf TSST-I Miit^ ntlT 

TSST- 1 mutants were generated as follows. 
A PCR method was used for introducing random mutations ui 
approximately 42-51 base-defined regions (SEQ ID NOS:4-16) of the TSST-l 
gene (see Figure 1 and Table 2). The oligonucleotide primes positioned as 
shown in Figure I, were synthesized with each position containing 1% each of 
the three incorrect bases. 

These mutant oligonucleotides served as primers in a PCR reaction 
with a primer designated U boltoni primer (sec Figure I ) as the other primer, 
and the TSST-1 gene as the template. Each molecule of synthesized TSST-1 
fragment (designated megaprimcr, sec Figure 2) was predicted to have 1-3 
random base mutations in the region corresponding to mutant primer Mutant 
fragments were incorporated into the TSST-1 gene with another primer (an A 
top primer (SEQ ID N0:2) and the Xbal/Hindlll digested pUCI8:TSST-l 
plasmid as the template in Uic second PCR reaction to resynthcsize a full 
IcngUi TSST-I gene (see Figure 2XHo£Lai. (1989) Gene 22:51; Pullen ^ 
(1990) Cell 61:1365). 

PNA Sgq!?encing. Plasmid inserts were sequenced directly by the 
dideoxynuclcotide method of Sangcr£LaL(l977) Proc. Natl. Acad. Sci. USA 
24:5463, using Sequenase (U.S. Biochemical Corp., Cleveland, OM) and a 
modification for double-stranded supercoiled plasmid templates (Weickerl and 
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Chambliss (1989) in Editorial Comments, U. S. Biochemical Corp., 
Cleveland, OH,pg.5-6), 

Examples. Screening of mutanlrTSST- l bacterial (rnn<:rnrm;in h 

Aliquots withdrawn from lysates prepared from 0.2 ml bacterial 
cultures were tested for protein content and the ability to stimulate T cells. 
The screening procedure facilitated the determination of a) whether a 
properly-folded mutant protein molecule had been produced along with its 
concentration in solution, and b) in an initial screen, whether the mutant 
molecule stimulated murine TCR V,tl5-bearing T cells after presentation by 
HLA-DR expressing antigen presenting cells (Table 3). Furtlier, the screening 
procedure confirmed the initial screen in a secondary assay using human 
peripheral blood leukocytes (hPBL, i.e., a test of mutant molecule activity 
against all human TCR Vp lamilics). 

An enzyme linked inimuno-sorbent assay (ELISA) was devised which 
could yield relative concentrations of folded protein from transformed 
bacterial cultures (i.e., wild-type rTSST-l was used as a control in this 
particular assay XTabIc 4). in preliminary experimciUs. monoclonal antibodies 
(mAb) were prepared from mice which had been immunized to TSST-I . A 
panel of eight mAbs were prepared, two of which were used in the ELISA 
assay for detecting and quantitating mutant rTSST-l . mAbs 327H 1 . 1 (an 
IgGjb) and 477L1.2 (an IgG,) were selected as a result of functional assays 
which showed that 327H 1 . 1 could inhibit TSST- 1 binding to HLA-DR 
molecules, and that 477L 1 .2 could block T cell recognition of I ILA-DR- 
bound TSST-I . Neither mAb had the complementary activity. It was 
tlierefore deduced that 327H 1 . 1 must recognize an epitope on TSST- 1 at or 



wo 96/14744 



PCT/US9S^14639 



27 



near the HLA-DR association site and 477LI .2 must recognize at or near the 
TCR Vp interaction site. Since an rTSST-1 molecule having a mutation in one 
of those regions might be altered such that the mAb binding epitope is lost, the 
mAbs were used in combination to screen mutant rTSST-l bacterial lysates. 

The ELISA for detecting and quantitating mutant rTSST-l molecules 
was earned out by coating mlcrowells of ELISA-grade polystyrene 96-well 
plates with 2 \igfm\ mAb (I |ig/ml eacli 327111.1 and 477LI.2) in 0.2 ml 
coating buffer overnight at 4'»C. Unabsorbcd mAb was then removed by 
aspiration, wells were blocked with buffer containing bovine serum albumin 
(BSA) for I hour at 4'»C, and then washed three times with buffer solution. 
Aliquots of bacterial lysate containing mutant rTSST-1, or wild type rTSST-l 
for a positive control and lacZ lysate for a negative control, were added to tiie 
wells and incubated for 1 .5 hours at 37-C, The wells were then washed three 
times and a polyclonal anti-TSST-1 rabbit lgG:horseradish peroxidase 
developing antibody added and incubated similarly for 1 .5 hours at 37*C. 
Afler again washing the wells Uiree times, ortho-phenylenediamine was added 
for 15-30 minutes at room temperature and color reaction delected on an 
ELISA plate reader at 490 ran. In this sandwich assay, tiie developing reagent 
(tiie IgG:hor5eradish peroxidase antibody) will only be present if a rTSST-l 
molecule has been bound by the mAb adsorbed to the micro-plate wells. The 
ability of a mutant rTSST-1 molecule to be bound by mAb which were raised 
against wild type TSST-1 infers that the mutant has retained some amount of 
native structural conformation, even if only as much as is necessary to be 
recognized by the mAb chosen for the assay. Secondly, the amount of color 
reaction generated in die assay is directiy relative to tiie amount of protein 
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present, and from which Ihe concentration per mi of mutant rTSST-I can be 
calculated. 

Mutant rTSST-I lysates which showed llie presence ofprotein similar 
to wild type were screened for the ability to stimulate a murine TCR 1 5- 
5 positive T hybridoma cell line, KOX15-4.9S (originally prepared in tiie 

laboratory ofDr's J. Kappler and P. Marrack at the Howard Hugiies Medical 
Institute, Denver, Colorado) to produce Interleukin-2, lL-2, a T cell growth 
factor. Dilutions of iysate (corresponding to 3 pi, 0.3 pi and 0.03 pi of tlie 
bacteria] Iysate containing mutant rTSST-l) were added to fresh, sterile 96- 

10 well plates containing 1x10* RAJI cells (an HLA-DR-positive presenting 
cell) and I X 10* KOX 15-4.95 T hybridoma cells. The cultures were 
incubated overnight at 37''C whereupon 80 pi of each micro-cultures' 
supernatant was withdrawn and transferred to a well of a fresh, sterile micro- 
plate. The IL-2 indicator cell line HT-2 was added to each supernatant (5000 

1 5 cells/well), incubated overnight at 37^C, and scored the next day for viability. 
Where no IL-2 was produced, as a result of the inability of a mutant rTSST-l 
molecule to stimulate the KOXl 5-4.95 hybridoma, the HT-2 cells were dead. 
Alternatively, HT-2 viability indicated that the mutant rTSST-l isolate was 
not functionally difTerent from the wild type molecule. 

20 Mutant rTSST-l lysates which were unable to stimulate the murine 

KOXl 5-4.95 hybridoma (i.e., murine Vpl5-negative mutants) were rescreened 
for activity on human normal donor PBL. Dilutions of bacterial lysates, 
identical to that described above, were cultured with 1x10* PBL in 0.2 ml 
micro-cultures for 3 days at 37"C. PBL were solicited from a human 

25 volunteer predetermined to have 13% T cells bearing TCR Vp2, the TCR 
family relevant to TSST-I binding. Cultures were pulsed overnight with 1 
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MCi ^H-Tdr, harvested, and incorporated radioactive thymidine quantitated on 
a scintillation counter. The amount of radioactive label incoiporaled into 
cellular DNA is directly related to the amount of cellular proliferation which 
has transpired during the pulse period. No or little proliferation above 
background (i.e., PBL cultured adlhQUl TSST-I) would indicate a mutant 
rTSST-l molecule which had lost human T cell stimulatory activity. 

rTSST-1 mutants which were negative for activity on both murine ICR 
VplS and human PBL were re-cultured from cloned bacterial transformants 
and purified by HPLC to obtain milligram amounts of purified protein (see 
Example 4). These HPLC-purified mutant proteins were then tested for the 
ability to stimulate human PBL proliferation in vitro, as described above, 
except that in the present assay, wild type and mutants were added to micro- 
wells in concentrations from 1.0 fg/ml to 100 ngfml The data obtained 
(Figure 4) illustrates the diflerence in ability of high concenlratioiis of mutant 
protein to stimulate human PBL compared to tiie wild type rTSST-I . 

Example 4. Preparation of Recomhinnnt 7^,^7,1 

For initial screening, individual colonies of transformants picked from 
agar plates were transferred to wells of 96-welI microtitcr plates containing 
100 |i] of 2XYT and carbenicillin. A replicate plate was prepared except that 
the media contained I mM IPTG as well. Both were incubated ovemiglit at 
ST'C. 50 of glycerol was added to each well of the first plate, which was 
mixed and then stored at -70°C. To prepare TSST-1 -containing lysates, each 
well of the second plate received 50 pi of I INM buffer ( 1 0 mM I fcpcs, pi I 
7.0, 30 niM NaCI, 5 niM MgCIj) containing 3 mg/nil lysozynie and 300 jig/ml 
DNAse I. The plate was incubated at 37"C for 15 min, frozen and tliawed 
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three times, and centrifuged t pellet debris. The supcmatants were 
transferred to a new plate containing an equal volume of HNM buffer and 
tested for the presence of TSST-I both by ELISA and T cell hybridoma 
stimulation. This method produced preparations containing I to 10 ng/ml of 
TSST-1. 

To produce purified mutant TSST-I, transformants were recovered 
from the 96-well plate stored at -70-C. Bacteria from overnight cultures 
(typically 200 ml) induced by the addition of 1 mM IPTG were collected by 
centrifugation and resuspended in a 10 ml of TE buffer (10 niM Tris, pH 8.0, 
1 mM EDTA). The cells were then disrupted by an ultrasonic oscillation for 3 
minutes on ice and incubated with 200 ^ig of DNAse 1 for 30 min at 37*C. 
The suspension was ccntrifuged at 15,000 g for 20 min to remove bacterial 
debris, and the supernatant was harvested and filtered (0.45 nm). Hie filtrate 
(-12 ml) was concentrated to - 1 ml with an Amicon Cciilriprcp ( 1 0,000 MW 
cut-ofi) by the cenU-ifugation at 5,000 g for I hr. The concentrate was 
dialyzed overnight at 4*C against I liter of 10 mM sodium phosphate buffer, 
pH 6.1 . Tlie dialyzed cell extract was then applied to a cation exchange high- 
performance liquid chromatography (HPLC) column (SP-5-PW, 7.5 mm x 75 
mm; BioRad), equilibrated witli 10 mM sodium phosphate buffer, pH 6.1 and 
cluted with a linear gradient of 0 to 500 mM NaCI in 10 niM sodium 
phosphate buffer, pH 6. L The TSST-I was eluted at about 120 mM NaCI. 
Iliis method yielded 5-10 mg of toxin per liter of bacterial culture. TSST-I 
and its mutant produced in this manner was >95% pure as judged by SDS- 
PAGE. 

Example 5. Binding of Mu tant TSST-I toHLA^DR 
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Binding to class II MHC is frequently required for T eel! stimulation 
and subsequent toxin recognition by T cells. Thus, the mutations of the 
instant invention could have afTccted either the ability of the toxin to bind to 
DR molecules or the recognition of this complex by the TCR. To help 
distinguish these two possibilities, T cell stimulatory-negative rTSST-1 
mutants were tested for the ability to bind to HLA-DR. In this assay. RAJI- 
DR cells, a human B cell tumor line which expresses a high and homogenous 
level of HLA-DR, were incubated with titrated amounts of toxin in buffer 
containing azide on ice for 2 hours. Aficr washing to remove unbound toxin. 
bioUnylated anti-TSST-1 mAb 93EI.2 was added for 30 minutes, on ice. 
After a second wash to remove unbound mAb, phycoeiythrin:avidin was 
added for 1 5-30 minutes, on ice, to allow mAb detection. Samples were 
evaluated forspecilic immunonuorescence, indicating TSST-1 binding to 
HLA-DR as compared to nil TSST background controls, on a /low cytomclcr. 

Only one mutant rTSST-l isolate failed to bind to HLA-DR on RAJI 
cells (the mutant G3 1S/S32P. see Figure 5A). To confirm the lack of binding 
as detected by the anti-TSST-l mAb 93EI.2. the G31S/S32P protein was 
directly biotinylated and tested versus biotinylated wild-type TSST-I for 
activity. As shown in Figure 5B, the G31S/S32P mutant protein does bind 
HLA-DR, but only at 4-5 log higher protein concentrations than can be 
demonstrated using the wild type toxin. In addition. G3 1 S/S32P binding docs 
not approach saturation of the RAJI cells. Iliat is. it labeled less than 40% 
cells at 10 pg/ml compared to the wild type toxin which labeled >90% cells at 
protein concentrations of 0.01 fig/ml. Tlie binding of TSST-I is severely 
affected, but not completely abrogated, by Uie mutations at G31S^32P (Gly 
31 -Ser/Ser32-.Pro). 



W Mia4744 



PCr/US9S/14639 



32 

Structural Studies nf TSST^I 

The three-dimensional crystal structure of TSST-I has been recently 
rqjorted (Prasad cLal. ( 1 993) supa; Achaiya £LaL ( 1 994) supra V A 
schematic drawing of TSST-1 is shown in Figure 6. The TSST-1 molecule 
contains two domains. The first is composed of residues 1-15 and 79-194 (the 
N-terminal domain), and the second of residues 18-89(the C-terminal 
domain). As discussed above, two regions have been identiiled in TSST-1 
that affect MHC class II binding and/or T cell activation. In each of the 
regions the specific amino acids that are responsible were determined. Some 
of the identified residues alTcct Ml IC class li binding, whereas otliers aflect T 
cell activation. As superanligen-MHC class II binding is required for efllcient 
T cell activation in culture, residues affecting MHC class II binding will also 
influence T cell activation. Tlius, no T cell binding information can be 
inferred from them. Tliose residues do provide information about MHC class 
II binding sites on the superantigen. On the other hand, those residues that 
influence T cell activation but not MHC class II binding are likely to be in the 
TCR binding site on TSST-1. 

Additionally, Figure 6 shows the locations of mutations that abolished 
T cell stimulation activity of TSST-I. As shown in the figure, these mutations 
are clustered in llie two distinct sites; TCR binding site in the C-terminal 
domain and MHC binding site in the N-lerminal domain. The TCR binding 
site consists of the C-terminal portion of helix A and its subsequent loop 
(mutations at residues 13-16), helix B (mutations at residues 13 1-140) and the 
loop preceding strand 9 (mutations at residues 113-116). Interestingly, tlie 
TCR binding site identified in this study precisely overlaps with the region 
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comprising the major groove in the TSST- 1 structure (Prasad £LaL { 1 993) 
SUBH). Namely the groove, which is profound, is formed by the waJIs rising 
from helix B. by helix A with its subsequent loop before strand I and by 
strand 9 with is preceding loop. Thus, die cnUre groove in the middle of tlie 
TSST-I molecule appeals to provide the TCR binding site. Among these 
residues, the residues at positions 13, 15, 16, 132. 135. 136 and 139 are 
particularly important for die TCR binding, as the mutaUons in these positions 
(mutants G16V. Y13L/SI5W, HI35R, E132AA?136L. Q139PI, AND 
QI39UYI44F) afanost completely abolished the superantigenicity of TSST- 1 
(see Figure 4). 

The MHC binding site appears to be located in the proximity of the N- 
terminal portion of strand 2. since tl>e mutant G31S/S32P failed to bind to 
DRl bearing RAJI cells (Figures 5A and 5B). This region is in a part of the 
large, solvent-exposed hydrophobic area (300 A^) formed by die concave face 
of strands 1. 2 and 3 (Prasad fiUd. (1993)a!|Jia; Acharya sLaL (1994) sum). 
The residues are involved are Ser 29, Leu 30. Ser 32, Leu 44, He 46, Pro 48, 
and Pro 50. It is noteworthy to point out that the beta-ban^ motif of the N- 
terminal domain of TSST-I is similar to the coircsponding domain ofSEB, 
and a ridge of non-polar residues (Phe 44, Leu 45 and Phe 47) protniding from 
the loop between strands I and 2 of the SEE molecule interacts with the 
hydrophobic region of MHC class II (HLA-DRl) molecule (Janletzky sUL 
( 1 994) sujaa). Mutations of residues Phe 44 and Leu 45 in the SCB molecule 
disrupt binding to HLA-DRl (KapplersLaL (1992) J. Exp. Med. 125:387). 
Thus, it is most likely that the hydrophobic region formed by the carboxyl end 
of strands 1, 3 and 5 and the amino ends of sUand 2 of the TSST-1 molecule is 
the MHC binding site. It is not clear, however, why residues at 23 (strand 1) 
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and 45 (strand 3), which are both buried within the protein interior, have 
diminished T cell activation capability. This is not to be limited by 
speculation. These mutations might disrupt local structure in the concave 
surface of strands 1, 2 and 3. so Uiat the mutant TSST-I cannot interact with 
MHC class II with high affinity. 

Exa«"P'e6- The proiCCtivc fif TcctS ofTSST^ I m utants in anim^f ^ 

Protective immunity in non-human primates elicited by a superanligcn 
vaccine has been previously demonstrated (Tseng, fiUl. (1993) supra V In 
addition, superanligcn mutant molecules devoid of T-stimulatory activity have 
been shown to be unable to elicit the physiological symptoms ofdiseasc 
(Hanis, £Lal. (1993) Inf. & Immun. fii:3175). These two criteria; a) to confer 
protective immunity against the wild type toxin, and b) lo lack disease- 
causative capability, may be demonstrated for a rTSST-1 mutant molecule, the 
vaccine. 

All experiments are based on a toxemia model (as described by 
Murray, £LaL (1994) J. Immunol. 152:87), where 200 fig TSST-I protcin/0.2 
ml PBS in miniosmotic pumps are implanted sub-cutaneously in rabbits. Wild 
type TSST-1 results in 100% animal death in 7 days. Subject animals can also 
be monitored for symptoms of TSS, including diarrhea, conjunctival and ear 
redness, rectal temperature, and serum glutamic pyruvic transaminase and 
blood urea nitrogen levels for indication of hepatic and renal failure, 
respectively. The toxemia model experiment is designed to compare the 
TSST-1 "vaccine" against the wild type toxin. This experiment is then 
repeated lo include a toxicity limit test. That is, detennine the maximum 
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TSST.l vaccine dc^age. Finally, the vaccinated rabbits are challenged with 
wild-type TSST-1 to determine the protection conferred by the vaccine. 
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Table 3. Mutelion frequencies of murine V|J15-bearinn t n^n k u 

stimulallon negalive tSS ^ ^ hybndoma 

subject to mutation (negalh/e/lotal) 



^ '^'^ 10/282 
^7,282 

^^-'^^ 8/282 
46-62 0/94 
61-77 



3.5 
6.0 
2.8 
0.0 

0/94 on 

6 76 - 92 



0/60 



0.0 

8 infi.io^ 



106-122 7,282 25 

? ^36-152 33/232 '7 

t51-167 0/94 

1/1" 

13 181-194 0,,^ ''•^ 

"'35 0.0 
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Table 4. Siimmafy of TSST-1 point mulante 



Murine V|)15 non- 


RoQnnncM In 




slimulatory mulanls 


human PBL 


MLA-DR1 


L10O/D11V 


++++ 




Y13L/S15W 




++++ 


S14t 


++ 




S15G 










MM 


l£ In 


■M-H- 






++++ 




S23H/E24V 


++ 








■I- 


S41T 


MM 




145V 


4-f++ 




P97L/L102V 






L102S 


1 f 1 1 




L113F/K114T 


1 1 1 1 




W116R, S 






FiatIV 


MM 




E132A/0136L 


++ 


++++ 


H135R 




+++-4- 


Q136R 


+++ 


M M 


0139L, P 


++. - (Q139P) 


++++ (Q139P) 


Q139EA.143S 




++++ 


Q139E/S147R 


+ 




Q139LA'144F 




++++ 


Q139L/Y144N 


+ 




1140V 






H141L/S147G 






R145H. P. S 







AH mutant prolehs Ksled here failed lo slimulale murine Vpi5 T hybridoma, yet produced 



wHd-type levels of rTSST-1 as detennined by ELISA. Abbreviations for the amino acid 
residues are: A. Ala; C. Cys: D. Asp; E. Glu; F. Phe; G, Gly; H, His; I. lie; K. Lys; L. Leu; M. 
Mel; N. Asn; P. Pro; Q. Gin; R. Arg; S, Scr; T, Thr; V. Val; W, Trp; and Y. Tyr. Dala is presented 
as. "++++" = 75-100%; = 50-75%; "+ ^" = 25-50%; = 10-25%; and = <10% ol llie 
response to wild*lype toxin. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: PHILLIPA MARRACK 

JOHN KAPPLER 
RICHARD SHIMONKEVITZ 
NASAZUMI NATSUMURA 

(ii) TITLE OF INVENTION: PROTECTIVE EFFECTS OF MUTATED 

SUPERANTIGENS 



(iii) NUMBER OF SEQUENCES: 16 



(iv) CORRESPONDENCE MDRBSS : 

(A) ADDRESSEE: Swanson & Bratschun, L.L.C. 

(B) STREET: 8400 E. Prentice Ave., Suite 200 
<C) CITY: Englewood 

(D) STATE: Colorado 

(E) COUNTRY: USA 

(F) ZIP: 80111 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 inch 

(B) COMPUTER: IBM pc compatible 

(C) OPERATING SYSTEM: MS-DOS 

(D) SOFTWARE: WordPerfect 6.0 for windows 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 



(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/338,373 

(B) FILING DATE: 14 -November- 1994 

(vii i) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Barry J. Swanson 

(B) REGISTRATION NUMBER: 33,215 

(C) REFERENCE/DOCKET NUMBER: SUP020/PCr 
(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (303) 793-3333 

(B) TELEFAX: (303) 793-3433 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 657 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GAATTCGAGC TCGGTACCCC GAAGGAGGAA AAAAAA ATG TCT ACA AAC 48 

Met Ser Thr Asn 
1 

GAT AAT ATA AAG GAT TTG CTA GAC TGG TAT AGT AGT GGG TCT 90 
Asp Asn He Lys Asp Leu Leu Asp Trp Tyr Ser Ser Gly Ser 

5 10 15 

GAC ACT TTT ACA AAT AGT GAA GTT TTA GAT AAT TCC TTA GGA 132 
Asp Thr Phe Thr Asn Ser Glu Val Leu Asp Asn Ser Leu Gly 

20 25 30 

TCT ATG CGT ATA AAA AAC ACA GAT GGC AGC ATC AGC CTT ATA 174 
Ser Met Arg He Lys Asn Thr Asp Gly Ser He Ser Leu He 

35 40 45 

ATT TTT CCG AGT CCT TAT TAT AGC CCT GCT TTT ACA AAA GGG 216 
He Phe Pro Ser Pro Tyr 'ryr Ser Pro Ala Phe Thr Lys Gly 

50 55 
GAA AAA GTT GAC TTA AAC ACA AAA AGA ACT AAA AAA AGC CAA 258 
Glu Lys Val Asp Leu Asn Thr Lys Arg Tlir Lys Lys Ser Gin 
60 65 70 

CAT ACT AGC GAA GGA ACT TAT ATC CAT TTC CAA ATA AGT GGC 300 
His Thr Ser Glu Gly Thr Tyr He His Phe Gin He Ser Gly 

75 80 85 

GTT ACA AAT ACT GAA AAA TTA CCT ACT CCA ATA GAA CTA CCT 342 
Val Thr Asn Thr Glu Lys Leu Pro Thr Pro He Glu Leu Pro 

90 95 100 

TTA AAA GTT AAG GTT CAT GGT AAA GAT AGC CCC TTA AAG TAT 384 
Leu Lys Val Lys Val His Gly Lys Asp Ser Pro Leu Lys Tyr 
105 110 115 

TGG CCA AAG TTC GAT AAA AAA CAA TTA GCT ATA TCA ACT TTA 426 
Trp Pro Lys Phe Asp Lys Lys Gin Leu Ala He Ser Thr Leu 

120 125 
GAC TTT GAA AIT CGT CAT CAG CTA ACT CAA ATA CAT GGA TTA 468 
Asp Phe Glu He Arg His Gin Leu Thr Gin He His Gly Leu 
130 135 140 

TAT CGT TCA AGC GAT AAA ACG GGT GGT TAT TGG AAA ATA ACA 510 
Tyr Arg Ser Ser Asp Lys Thr Gly Gly Tyr Trp Lys He Thr 
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145 150 
ATG AAT GAC GGA TCC ACA TAT CAA 
Met Asn Asp Gly Ser Thr Tyr Gin 
160 165 
TTT GAA TAG AAT ACT GAA AAA CCA 
Phe Glu Tyr Asn Thr Glu Lys Pro 
175 

ATA AAA ACT ATA GAA GCA GAA ATT 
He Lys Thr He Glu Ala Glu He 
190 

TCGACCTGCA GGCATGCAAG CTT 
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155 

AGT GAT TTA TCT AAA AAG 552 
Ser Asp Leu Ser Lys Lys 
170 

CCT ATA AAT ATT GAT GAA 594 

Pro He Asn He Asp Glu 

180 185 

AAT TAA TGCTCTAGAG 634 

Asn 

657 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GAATTCGAGC TCGGTACCCC GAAGGAGGAA AAAAAA 

(2) INFORMATION FOR SEQ ID NO:3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TGCTCTAGAG TCGACCTGCA GGCATGCAAG CTT 



(2) INFORMATION FOR SEQ ID N0:4: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

TCT ACA AAC GAT AAT ATA AAG GAT TTG CTA GAC TGG TAT AGT AGT 45 
Ser Thr Asn Asp Asn He Lys Asp Leu Leu Asp Trp Tyr Ser Ser 
15 10 15 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GGG TCT GAC ACT TTT ACA AAT AGT GAA GTT TTA GAT AAT TCC TTA 45 
Gly Ser Asp Thr Phe Thr Asn Ser Glu Val Leu Asp Asn Ser Leu 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GGA TCT ATG CGT ATA AAA AAC ACA GAT GGC AGC ATC AGC CTT ATA 45 
Gly Ser Met Arg lie Lys Asn Thr Asp Gly Ser lie Ser Leu lie 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ATT TTT CCG AGT CCT TAT TAT AGC CCT GCT TTT ACA AAA GGG GAA 45 
lie Phe Pro Ser Pro Tyr Tyr Ser Pro Ala Phe Thr Lys Gly Glu 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
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AAA GTT GAC TTA AAC ACA AAA AGA ACT AAA AAA AGC CAA CAT ACT 
Lys Val Asp Leu Asn Thr Lys Arg Thr Lys Lys Ser Gin His Thr 
15 10 15 



(2) INFORMATION FOR SEQ lU NO: 9: 

(i) SEQUENCE aiARACl'ERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 9: 

AGC GAA GGA ACT TAT ATC CAT TTC CAA ATA AGT GGC GTT ACA AAT 
Ser Glu Gly Thr Tyr lie His Phe Gin lie Ser Gly Val Thr Asn 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ACT GAA AAA TTA CCT ACT CCA ATA GAA CTA CCT TTA AAA GTT AAG 
Thr Glu Lys Leu Pro Thr Pro He Glu Leu Pro Leu Lys Val Lys 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GTT CAT GGT AAA GAT AGC CCC TTA AAG TAT TGG CCA AAG TTC GAT 45 
Val His Gly Lys Asp Ser Pro Leu Lys Tyr Trp Pro Lys Phe Asp 
15 10 15 



(2) 



INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12; 

AAA AAA CAA TTA OCT ATA TCA ACT TTA GAC TTT GAA ATT CGT CAT 45 
Lys Lys Gin Leu Ala He Ser Thr Leu Asp Phe Glu He Arg His 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CAG CTA ACT CAA ATA CAT GGA TTA TAT CGT TCA AGC GAT AAA ACG 45 
Gin Leu Thr Gin He His Gly Leu Tyr Arg Ser Ser Asp Lys Thr 
15 10 15 

<2) INFORMATION FOR SEQ ID NO: 14: 
(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GGT GGT TAT TGG AAA ATA ACA ATG AAT GAC GGA TCC ACA TAT CAA 45 
Gly Gly Tyr Trp Lys He Thr Met Asn Asp Gly Ser Thr Tyr Gin 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

AGT GAT TTA TOT AAA AAG TTT GAA TAC AAT ACT GAA AAA CCA CCT 45 
Ser Asp Leu Ser Lys Lys Phe Glu Tyr Asn Thr Glu Lys Pro Pro 
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15 10 15 

<2) INFORMATION FOR SEQ ID NO: 16: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

ATA AAT ATT GAT GAA ATA AAA ACT ATA GAA GCA GAA ATT AAT 42 
He Asn He Asp Glu He Lys Thr He Glu Ala Glu He Asn 
15 10 
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CLAOilS 
We Claim: 

1 . A method for modifying T cell responsiveness of a subject animal 
without eliciting a supcrantigen-mediated response comprising administering 
to said subject animal a superantigen or superantigen derivative in an amount 
sufficient to modify the responsiveness of at least one subpopulation of T 
cells. 

2. A molecule for modifying the T cell responsiveness of a subject animal 
comprising a superantigen or superantigen derivative capable of conferring 
protection against exposure to a superantigen by eliciting an antibody 
response to said superantigen in said subject animal. 

4. Tlie method of claim 1 , wherein said modifying comprises reducing 
responsiveness of at least one subpopulation of T cells of said subject animal 
to an antigen. 

5. The metliod of claim U wherein said modifying comprises increasing 
responsiveness of at least one subpopulation of T cells of said subject animal 
to an antigen. 

6. The method of claim I, wherein said modifying comprises reducing 
responsiveness ofat least one subpopulation of T cells of said subject animal 
to an antigen without stimulating said T cells in a supcranllgcnic way. 
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7. The method of claim I, wherein said superantigen derivative is a 
modified superantigen Tragment. 

8. The method of claim I , wherein said superantigen derivative is a 
mutated superantigen or mutated superantigen fragment. 

9. Tlie method of claim 8, wherein said mutated superantigen or mutated 
superantigen fragment is the result of a substitution mutation. 

10. The method of claim 8, wherein said mutated superantigen is the result 
of a deletion mutation. 

1 1. The method of claim 7, wherein said superantigen derivative is a 
molecule containing a portion of an amino acid sequence of a superantigen 
and a portion of said derivative is not derived from a superantigen. 

12. The method of claim I, wherein said superantigen derivative is a 
Staphvlococcus aureus superantigen derivative. 

1 3 . The method of claim 1 , wherein said superantigen derivative is a 
SlaphylocQCCUS TSST-I superantigen or superantigen derivative. 

14. A method for conferring protection against Toxic Shock Syndrome 
Toxin (TSST-I) comprising administering to a subject animal an amount ol'a 
TSST-I derivative protein. 
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15. The method of claim 1, wherein said subpopulation comprises the 
requisite specificity as deflned by its region. 

1 6. The molecule of claim 2, wherein said molecule is a mutated 
supenmtigen derivative. 

17. The molecule of claim 16, wherein said molecule is a mutated 
Staphvlocncciis superantigen derivative. 

18. The molecule of claim 2, wherein said molecule is a modified 
superantigen derivative. 

1 9. The molecule of claim 18, wherein said molecule is a modified 
Staphylococcus superantigen derivative. 

20. The molecule of claim 1 7, wherein said Staphvlococcus superantigen 
derivative is a mutated TSST-I superantigen 

2 1 . Tlie molecule of claim 1 9, wherein said Staphylococcus superantigen 
derivative is a modified TSST-1 superantigen. 

22. The Staphvlococcus TSST-I superantigen derivative of claim 20, 
wherein said superantigen derivative modifies T cell receptor or class II major 
histocompatibility complex binding upon administration to a subject animal. 
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23. The SlaphYlncnCffl l s TSST-l sup««itigen derivative of claim 21, 
wherein said supenmUgen derivative modiHes T cell receptor or class II major 
histocompatibility complex binding upon administration to a subject animal. 
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